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54) Title of the invention. 

Method of production of anion exchange film. 
57) What is claimed. 

1 A method of production of an anion exchange film with the characteristic that after cross 
linking by reacting amines with a fluoropolymer porous film substrate whereof the surface has been 
plasma treated, application of an organic solvent solution of a polymer that has functional groups 
that can be animated, and drying thereof and aminating by amines are repeatedly carried out. 

2 The method of production of an anion exchange film that has been described in claim 1, 
wherein the porous film of fluoropolymer is a porous film of polyvinylidenefluoride. 
Detailed description of the invention. 

This invention pertains to a method of production of an anion exchange film. With more details, 
it pertains to a method of production of an anion exchange film that has been coated by an ion 
exchanging groups containing polymer that has quaternary ammonium bases as anion exchanging 
groups. 

The present inventors previously have proposed a method of production of an anion exchange 
film wherein, after having cross linked a porous film substrate of a fluoropolymer whereof the 
surface has been plasma treated, an organic solvent solution that has functional groups that can be 
aminated, has been applied, this has been dried, and thereafter animated by amines, and it has been 
coated by an ion exchanging groups containing polymer that has quaternary ammonium salt groups 
as the anion exchanging groups (patent application 5 8-75575 ( 1 983)). 

Because the anion exchange film that has been produced by this method, has a solvent insoluble 
fluoropolymer porous film that has been cross linked by polyamines, as the substrate, the strength 
is excellent although the thickness of the film is thin, and not only handling of the film is simple, 
but combined with a plasma treatment before the polyamine cross linking, also the result is 
obtained that the ion exchange material is not peeled from the substrate in case of the process of 
washing with water after the animation treatment and mounting or detaching the anion exchange 



film in a dialysis cell, and therefore the ratio of dialysis velocity with acid(?) and salts thereof or 
alkali is high, and it is also excellent on the point of diffusion dialysis capacity. 

Li those previously proposed anion exchange films that realise(?) such results, the ones that can 
effectively be used as films for diffusion dialysis etc., sometimes the weak points that the thickness 
of the coating layer of ion exchanging groups is not homogeneous, or that pinholes etc. are easily 
produced at the time of film production, are observed, and further improvement of these points was 
wanted. Moreover, also a further increase of the capacity of selective permeability for anions was 
wanted. 

Here, the present inventors carried out various investigations in order to obtain a method of 
solution of such problems, with the result that they discovered that in the above mentioned method 
of production of anion exchange films, the above mentioned aim can be achieved by cross linking 
by reacting amines with a fluoropolymer porous film substrate whereof the surface has been plasma 
treated, and thereafter carrying out a number of times repeated application of an organic solvent 
solution of a polymer that has functional groups that can be aminated, drying thereof and aminating 
by amines. Consequently, this invention pertains to a method of production of an anion exchange 
film that is executed in this way. 

The porous film of fluoropolymer as the substrate forming material, is a porous film shaped body 
of a fluoropolymer such as polyvinylidenefluoride, polytetrafluoroethylene or 
polychlorotrifluoroethylene, and the porous film shaped body is not only one with the form of a flat 
film, but also ones with various forms, such as a tubular form, hollow fiber form, or composite 
bodies with other film shaped porous substrates can be used. The porous structure can for instance 
be formed by dissolving the fluoropolymer in a water soluble organic solvent, and carrying out 
flow stretching or wet and dry spinning etc., and thereafter immersing it in water, and also 
commercial products as such can be used. As these porous film shaped bodies, in general ones with 
a thickness of ca. 5-1000 u, and preferably ca. 10-500 u, and a surface pore diameter of ca. 0.005-2 
u, and preferably ca. 0.0 1 - 1 u are used. 

The plasma treatment of the porous film shaped body is carried out with a method as is shown in 
the detailed description and figures of patent application 57-205816 (1982), by a plasma that has 
been generated by glow discharge and corona discharge etc. Because by the thus executed plasma 
treatment, the permeability of the plasma to the porous film shaped body is extremely small, the 



treatment stops just in the extremely superficial moiety thereof, and consequently, the porous film 
shaped body is maintained, almost without loss of the essential properties. 

The plasma treated porous film of fluoropolymer is cross linked by amines. As the amines, mono- 
amines such as butylamine and hexylamine, diamines such as ethylenediamine, 
trimethylenediamine, hexamethylenediamine, N^N^-tetramethyl-l^-hexanediamine and p- 
phenylenedimaine, and triamines such as 1,2,3-triaminopropane etc. are used, and the cross linking 
is carried out by immersing the plasma treated porous film of fluoropolymer in these amines or an 
aqueous solution thereof, and if necessary, heating it. After termination of the cross linking 
reaction, sufficient washing with water is carried out, and the unreacted amines are removed. 

To the plasma treated porous film of fluoropolymer that has been thus cross linked by amines, an 
organic solvent solution of a polymer that has functional groups that can be aminated, is applied. 
As the polymer that has functional groups that can be aminated, freely chosen ones can be used, 
provided that they are polymers that have active chloro groups, such as for instance styrene- 
chloromethylstyrene copolymer, chloromethylated polystyrene, chloromethylated polysulfone, 
chlorinated polyethylene, polyvinylchloride, polyepichlorohydrin, and in addition, homopolymers 
or copolymers of vinylchloroacetate and chloromethylvinylether. 

These polymers are used in the form of a solution in an organic solvent, and the organic solvent 
that is used depends on the kind of polymer that is involved, but because the porous film is cross 
linked with amines and made solvent insoluble, organic solvents that cannot be used for dissolution 
of the fluoropolymer, for instance aprotic polar solvents such as dimethylacetamide, 
dimethylformamide and N-methyl-2-pyrrolidone, ketones such as acetone, methylethylketone and 
methylisobutylketone, ethers such as dioxane, and halogenated hydrocarbons such as carbon 
tetrachloride, can be optionally used, and in the case that an organic solvent with a large affinity for 
these fluoropolymers has been used as the solvent of the solution for application, it can in addition 
boast of the result that almost no peeling is observed between the porous film substrate and the 
hereon coated ion exchanging groups containing polymer film. 

The application of the organic solvent solution to the film shaped body is in general carried out 
by the use of means such as immersion in and spraying of a solution that has been prepared with a 
polymer concentration of ca. 0.1-20 wt%. Thereafter, it is in general ventilation dried at about ca. 
20-60° C, and transferred to the next process of amination treatment. 



^ As the animating agent, various aliphatic or aromatic primary, secondary or tertiary amines can 
be used, and particularly tertiary amines such as N,N,N',N- tetramethyl-l,6-hexanediamine, 
KHN'^-tetramethylethylenediamine and N^N'^-tetramethyl-p-phenylenediamine are 
preferred. Because such polyamines, when they are used as animating agent, also play a part as 
5 cross linking agent, also formation of a three-dimensional structure is carried out, simultaneously 
with the formation of quaternary ammonium salts by the animation. 

By the fact that in this invention, the cycle of application of the organic solvent solution of the 
polymer that has functional groups that can be aminated, the drying thereof, and the animation by 
amines, that is carried out in this way, is carried out, in general being repeated ca. 2-4 times, the 

10 thickness of the coating layer with ion exchanging groups that is formed on the plasma treated, 
amine cross linked fluoropolymer porous substrate, is made thicker, and hereby weak points such 
as inhomogeneity of the thickness and formation of pinholes can be effectively eliminated, and at 
the same time the capacity of anion selective permeability that is shown by the ratio of dialysis 
velocity, under the ion permeation velocity per proper unit of surface area of the film can be raised 

15 further. 

J Below, this invention is described for examples of execution. 

Example of execution 1 . 
A dimethylacetamide solution that contained 20 wt% polyvinylidenefluoride (Kynar, product of 

Pennwalt Co.) and 2 wt% polyethylene glycol (#6000, product of Nakarai(?) Chem. Pharm.(?)), 
20 was cast on a glass plate with a spacer thickness of 0.2 mm, and by the wet and dry method with 

water as the coagulant, a porous film was produced. 
After ventilation drying of the obtained porous film, it was brought in a plasma reaction vessel, 

and plasma treatment was carried out by 5 minutes irradiation with high frequency waves with an 

output of 50 W and a frequency of 13.56 MHz, under a nitrogen presure of 0.1 Torr. 
25 This plasma treated film was immersed during 2 hours in a 50 wt% aqueous solution of 

N^^'^-tetramethyl-l^-hexanediamine of 30° C, and the cross linking reaction was carried out. 

The obtained amine cross linked film was washed with water and dried and thereafter immersed 

during 1 minute in a 3 wt% carbontetrachloride solution of styrene-chloromethylstyrene copolymer 

(quantity of introduced chlorine 0.027 wt%), and after drying thereof, the same immersions in an 
30 ^ aqueous amine solution - immersion in a carbontetrachloride solution of chloromethylstyrene 

copolymer - immersion in an aqueous amine solution were carried out under the same conditions. 



4 



The thus obtained anion exchange film was mounted in a dialysis cell of the 2-chamber type, and 
with the use of a mixed solution of a 2 N H 2 S0 4 and 1 N FeS0 4 aqueous solution, a dialysis 
experiments were carried out at 30° C, and the dialysis velocity of sulfuric acid and the ratio of the 
dialysis velocity of both respectively were determined. 
Example for comparison 1 . 

In example of execution 1, the immersion in the aqueous amine solution and the immersion in the 
carbontetrachloride solution of the chloromethylstyrene copolymer respectively were carried out 
only once. 

Example of execution 2. 

In example of execution 1, chloromethylated polystyrene (quantity of introduced chlorine 0.025 
wt%) was used instead of the styrene-chloromethylstyrene copolymer. 
Example for comparison 2. 

In example of execution 2, the immersion in the aqueous amine solution and the immersion in the 
carbontetrachloride solution of the chloromethylated polystyrene respectively were carried out only 
once. 

The results of determinations in the above mentioned respective examples of execution and 
examples for comparison are shown in the below mentioned table, as the average value of the 
values of 3 determinations. 
Table. 

example H 2 S0 4 dialysis ratio of H 2 S(VFeS04 



velocity 

(mol/hr-m(?) 2 -mol/l) 



dialysis velocity 



of execution 1 
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for comparison 1 
of execution 2 
for comparison 2 



11.1 



13.3 
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